Purpose: Echocardiography and nuclear perfusion imaging studies ordered for appropriate indications by Appropriate Use Criteria (AUC) have been shown more likely to impact management than studies deemed inappropriate or uncertain. We sought to evaluate the appropriateness of indications for all cardiac magnetic resonance imaging (CMR) testing done at our institution in 2011, and to what extent appropriateness of CMR was associated with impact on patient management. Methods: This was a single-center retrospective cohort study including 239 consecutive patients who received CMR over the 12-month calendar period in 2011. CMR studies were classified as appropriate, uncertain or inappropriate based on the 2006 AUC. A study was deemed to have had impact if it changed or clarified the patient's diagnosis or directly influenced downstream decision-making by subspecialty referral, further testing or treatment changes. Results: The most common indications for CMR included evaluation of cardiomyopathy (79%), valvular pathology (8%), suspected myocarditis (8%), and cardiac masses (5%). Of CMRs performed, 96% were appropriate, 1% inappropriate, and 3% uncertain. Appropriate CMRs were more likely to be associated with changes in management (90%) than inappropriate or uncertain studies (40%), with an odds ratio of 21.5:1. The most common reasons CMR classified as appropriate did not change management were 1) incomplete study, 2) physician judgment not to take action based on the CMR result and 3) hypertrophic cardiomyopathy in specific circumstances. Conclusions: Appropriate CMR studies were more likely to impact management than inappropriate/uncertain studies. When ordered for appropriate indications, CMR has demonstrable impact on patient management decisions.
Introduction
Increased utilization of cardiac imaging has been implicated as a major contributor in the overall escalation in the cost of health care. Amongst Medicare reci- [1] . In response to these rapidly rising costs, increased scrutiny is being given to cardiac testing in an effort to ensure the appropriate use of imaging studies. Development of the 2006 Appropriate Use Criteria (AUC), and later its revision in 2013 have increasing implications regarding Centers for Medicare and Medicaid Services reimbursement. With approval of the Protecting Access to Medicare Act, physicians will soon be asked to provide certification that the AUC were consulted with test orders, and may ultimately be penalized if their ordering practices do not closely adhere to defined ordering standards [2] [3] [4] .
Cardiac magnetic resonance (CMR) has likewise seen increasing use over recent years. Currently, the AUC for CMR describe 80 possible clinical application scenarios, characterized by expert opinion as "appropriate", "maybe appropriate", or "rarely appropriate" [5] . Limited data exist in which these studies are demonstrated to have impact on management or how they affect downstream utilization. This study was designed to evaluate the appropriateness of CMRs ordered at our institution in 2011 as well as its downstream impact on patient management, with specific regard to changes in therapy (i.e. medications added or subtracted, revascularization cancelled or modified, defibrillator placed, etc.) or changes in further downstream testing.
Materials and Methods

Study Population
Two hundred thirty nine consecutive patients referred for a clinically indicated CMR between January 1, 2011 and December 31, 2011 were retrospectively identified based on the completed order for CMR. All patients receiving CMR during the study period were included in the study cohort. Patient demographics and cardiac risk factors as known at the time of presentation for CMR were abstracted from the medical record by physician reviewers using a composite of most recent outpatient visit notes, inpatient admission documentation as well as other recorded medical history in the electronic medical record. Indication for CMR and the result of the study were also obtained. Downstream testing, medication changes, as well as interventions performed during the 90 days following CMR were likewise evaluated. This study was approved by the Henry Ford Hospital Institutional Review Board.
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Patient Classification for AUC and Impact
All clinical data preceding CMR was reviewed independently by 2 physicians who characterized patient studies as "appropriate", "uncertain", or "inappropriate" as per the 2006 AUC. An initial sample of 25 patients were independently evaluated by both reviewers and then reviewed collectively so as to minimize inter-reviewer variability. Discrepancies were reviewed by an additional staff cardiologist with training in advanced cardiac imaging to finalize characterization per AUC. Test results were subsequently reviewed, as were downstream orders with attention to discontinued or obviated interventions, including medications, other testing, or surgical/percutaneous procedures. A study was deemed to have had an impact also if it changed or clarified a diagnosis, thus directly influencing downstream decision-making.
Statistical Analysis
Comparisons of discrete variables were performed using Fisher's exact test due to the presence of sparse data. Data associations for common clinical variables including body mass index, ejection fraction, and age were evaluated using 2-sample t-tests. Statistical significance was interpreted as a p-value of <0.05.
Results
Population Characteristics
Most patients undergoing CMR did so as part of an evaluation for new or known cardiomyopathy including evaluation for myocardial viability (n = 189, 79%).
Other indications included evaluation of cardiac mass (n = 13, 5.4%), suspected myocarditis (n = 18, 7.5%) and valvular abnormalities (n = 19, 7.9%). Amongst the cardiomyopathy indications, the most common were suspected sarcoidosis (n = 36, 15.1% of all CMRs ordered), evaluation for arrhythmogenic right ventricular dysplasia (n = 28, 11.7%), myocardial viability testing (n = 27, 11.2%), hypertrophic cardiomyopathy (n = 25, 10.4%), and suspected infiltrative cardiomyopathy (n = 16, 6.7%). The leading indications for CMR at our institution are shown in Table 1 . Table 2 outlines the patient characteristics of those who underwent CMR in 2011 and thus were included in our analysis.
There was no statistically significant difference in appropriateness of the study 
Impact and AUC
Of all CMR studies ordered in the study period, 96% (229/239) were considered appropriate according to the 2006 AUC. Only 1% of the studies were characterized as uncertain and 3% as inappropriate. Appropriate studies were more likely to be associated with changes in management (90%, 206/229) than studies classified as uncertain or inappropriate (40%, 4/10) with an odds ratio of 21.5:1 (Table 3) . (Table 4) . As would be expected, completed examinations were more likely to lead to change in management than incomplete studies (92.5% vs 0%, p < 0.001).
Of the 23 appropriate CMRs that did not impact management, 11 (48%) were incomplete studies (e.g., the patient was claustrophobic or was unable to sustain breath hold as part of study protocol other parts of the evaluation).
Discussion
In today's medical practice environment, the overall rising cost of healthcare has led to an increased awareness of resource utilization, specifically with regard to advanced imaging modalities. In an effort to reduce cost, professional societies have developed appropriateness criteria to assist providers' decision-making when ordering these advanced studies. While these criteria are increasingly referenced by providers and third-party payers alike, data is sparse to validate recommendations that were formed based on expert opinion It is our opinion that CMR, used correctly, is of great utility for the elucida-World Journal of Cardiovascular Diseases tion of disease mechanisms, for diagnosis clarification in the setting of equivocal imaging studies, and for revascularization decision challenges.
Limitations
A significant majority of CMRs ordered in our study population were characterized as appropriate (96%) with only 10 (4%) studies determined to be uncertain or inappropriate. While this finding demonstrates good adherence at our institution with the AUC, it may limit the generalizability of this study to other institutions where ordering practices may be less optimized. Our study is also limited by the small sample size (N = 239) and its single center design. Finally, evaluation of downstream impact is highly subjective, dependent on the reviewers' medical opinion and limited to what is available in the medical records, which may be incomplete.
Conclusion
As increased attention is paid to the ordering practices of physicians, with specific regard to advanced imaging studies, further validation of the AUC across multiple centers is needed. Our findings serve as preliminary support affirming the AUC as a useful tool to positively impact downstream utilization in patient care.
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